The aim of the investigation was to study an effect of thermal treatment parameters on the content of reducing sugars, amino acids and acrylamide in the meat model system depending on the thermal treatment regime. The authors studied an influence of the reaction of melanoidine formation on the concentration of amino acids and reducing sugars at different thermal treatment regimes and established a decrease in the total amino acid content by 7 % upon the standard sterilization regime and by 11 % when increasing the temperature or duration of thermal treatment. It was found that at the same temperature with an increase in duration of thermal treatment up to 50 min., the acrylamide level increased by 1.6 times. Exposure of the model samples to a temperature of 120 °С for 50 min. had the highest effect on the level of acrylamide accumulation compared to the traditional sterilization regime of canned foods for child nutrition and the regime with an increased temperature of up to 130 °С. The obtained data will allow developing new meat products with the reduced content of unsafe components for nutrition in early childhood.
Introduction
During thermal processing of foods, many various chemical reactions take place, which lead to changes in their composition and formation of new compounds. The Maillard reaction or the reaction of melanoidine formation is prevalent among occurring reactions; it occurs in a wide range of temperatures, humidity, presence or absence of oxygen and so on [1] .
Acrylamide (C3H5NO) is a carcinogenic substance, which is formed in the reaction between asparagine and sugars (fructose, glucose and so on) at high temperatures. Since 1950, it has been used in the organic synthesis and in production of plastics. The median lethal dose of acrylamide for laboratory animals was 150-180 mg/kg; therefore, this substance is assigned to the 2nd class of hazards [2, 3] . The elimination half-life of acrylamide in rats is about 2 h.
Toxicity of acrylamide is conditioned by the small molecular weight, small molecular size, high water solubility and comparatively easy penetration into the human body though the gastrointestinal tract and skin. Acrylamide can exert the most negative effect on the child body due to the low body weight [4] . In childhood, the sensitivity to the impact of different contaminants in foods is higher. It is associated with an increased permeability of protective barriers for foreign subjects, including toxic substances, and immaturity of the immune and enzyme systems [5] .
Acrylamide, which is formed in the process of the technological treatment of foods, is recognized by World Health Organization as a genotoxic carcinogen [6, 7] . When ingested, it is easily absorbed through the gastrointestinal tract and is distributed over the whole body negatively affecting human health.
It is known that acrylamide is formed in several food products in the process of thermal treatment at a temperature of 120 °С and higher as a result of the protein-carbohydrate interaction. With that, in formation of the acrylamide molecule, the main nitrogen source is amino acid asparagine, which reacts with reducing sugars in the process of heating [6] . As a result of the Maillard reaction, decomposition of both the initial amino acid and reducing sugar that reacts with it takes place.
Beginning from 2000, different countries have been testing various methods for quantitative determination of the acrylamide content in food products. Among them, the high performance liquid chromatography with mass spectrometric detection and gas chromatography are the most widely used methods. Based on the investigations carried out in different countries, the Joint FAO/WHO Expert Committee on Food Additives (JECFA) concluded that safe dietary intake of acrylamide can be 1 µg / 1 kg body weight / day [7, 8, 9, 10] .
Therefore, knowing the mechanism of acrylamide formation, it is possible to suggest quite a high probability of its formation in plant-and-meat canned foods as a result of interaction of fructose and glucose containing components and aspartic acid, which is present in meat.
In this connection, it is urgent to carry out studies on detection and quantification of acrylamide in meat containing canned foods for nutrition in early childhood, which results could be used to establish a safe limit of its content in canned foods for child nutrition and make corresponding proposals into Technical Regulations of the Customs Union regarding its control.
Also, as a result of investigations it is necessary to determine possible ways for reducing a risk of acrylamide formation in canned foods. One of such ways is correction of the sterilization equation as, at present, the used thermal treatment regimes, in particular, for meat-based canned foods for child nutrition often have too high temperature and duration of sterilization, which, first of all, negatively affect nutritional value of a product and, secondly, increases risks of development of negative compounds [11, 12] .
The aim of the work was to study the effect of the parameters of thermal treatment on the content of reducing sugars, amino acids and acrylamide in a meat model system depending on a thermal treatment regime.
Materials and methods
The object of the research was the model recipe composition made in the homogenized form (particle size not more than 0.3 mm) from beef (41 %), soy isolated protein (4 %), wheat (sample 2); where, the time of heating -actual sterilization -cooling is indicated in the numerator; while the sterilization temperature is indicated in the denominator. The production sterilization regime used in the technology of canned meat for child nutrition was used as a control. The sterilization regimes of the experimental samples differed from the control by an increased values of sterilization duration for sample 1 and sterilization temperature for sample 2.
Amino acid composition was determined by GOST 34132-2017 "Meat and meat products. Determination of amino acids composition of animal protein" [13, 14] . The acrylamide content in the samples was determined according to the developed method.
Acrylamide was extracted with acetonitrile from a previously homogenized sample. A weighted specimen of a homogenized sample (3 g) was placed into the 50 cm 3 centrifugal tube and 8 ml of acetonitrile was added. Six gram of magnesium sulfate and 1.5 g of sodium acetate were put into the centrifugal tube and agitated. The centrifugation was performed at 4,000 rpm for 5 min. Addition of salts (magnesium sulfate and sodium acetate) leads to an increase in the recovery of the polar compounds, and also is used to control the percent of the water content in the organic layer (and vice versa); thereby, providing an opportunity to regulate a degree of polarity of both phases. To purify from organic impurities, an anion-exchange sorbent based on ethylenediamine-N-propyl, which extracts strongly acidic and polyacidic compounds and metal ions from aqueous solutions (particle size, 50 µm; pore diameter, 60 Å) was used. For additional purification of the aliquot, the C18(EC) sorbent was used; it was a silica non-polar silanized sorbent (octadecyl). Due to the hydrophobic interactions, C18(EC) is capable of extracting neutral basic and acidic compounds (particle size, 50 µm; pore diameter, 60 Å). For this, an aliquot from the top part of the extract was taken and transferred to a 15 cm 3 centrifugal tube, which contained 1.2 g of magnesium sulfate and 0.4 g of ethylenediamine-N-propyl. The centrifugation was carried out at 4,000 rpm for 5 min.. The purified extract was passed through a 0.45 µm membrane filter, transferred to a vial and analyzed by HPLC-MS/MS. The method requires the strict sequence of reagent addition as it is necessary to add salts after the organic solvent addition. Addition of salts directly into a sample can cause an exothermic reaction, which can negatively affect acrylamide recovery. Figure 1 presents a chromatogram of the sample with acrylamide after extraction and purification. The conditions of analytical signal registration in the mode of multiple reaction monitoring (MRM) are presented in Table 1 . The reliability of the results was confirmed by three replications of experiments. Figure 2 .
As a result of the performed investigations, the detection conditions were optimized:
Source temperature -100 ºС; Desolvation gas temperature -320 ºС; Flow rate of desolvation gas -8 dm The conditions of analytical signal registration in the mode of multiple reaction monitoring (MRM) are presented in Table 1 .
The reliability of the results was confirmed by three replications of experiments.
The investigation was carried out in the laboratories of the V.M. Gorbatov Federal Research Center for Food Systems of the Russian Academy of Sciences.
Results and discussions
To simulate the technological process of production of canned meat products for nutrition in early childhood, prepared meat raw materials and components were mixed, minced on the equipment for dispersion and homogenization and then heated to a temperature of 85 ºС. A sample was taken from the obtained model formulation for quantification of free carbohydrates and amino acid composition. Then the model formulation was filled into glass jars, sealed and sterilized under the regimes indicated in the section "Materials and methods". To intensify the reaction of melanoidin formation, the composition was sterilized with increased duration and the temperature of sterilization.
Heating of sugars at temperatures above 100 ºС in a weak acidic environment leads to formation of a complex product mixture, which properties and composition change depending on the degree of an environment impact, sugar type and concentration, conditions of heating. The results of changes in the content of reducing sugars in the model system are presented in Table 2 .
In analysis of the obtained data (Table 2) , it was established that the total amount of sugars decreased as a result of the reaction of acrylamide formation with participation of aspartic acid after high temperature thermal treatment (sterilization) in sample No. 1 and increased treatment duration in sample No.2 by 93.2 % and 94.7 %, respectively, compared to the sample before sterilization heated to 85 ºС. With that, a decrease in the control sample was 31.6 %, which was conditioned, apparently, by the sterilization regime with a lower thermal load.
In the course of the Maillard reaction, amino acids are bound and a decrease in the biological value of proteins is observed. The model formulation was studied by the content of amino acids. The results of the analysis of amino acid composition are presented in Table 3 .
By the results of the analysis of the amino acid composition in the experimental samples, it was found that the sum of amino acids in the model composition decreased by 7 % for the control and by 11 % for samples 1 and 2 compared to the sample before sterilization. With that, a reduction in the content of aspartic acid participating in acrylamide formation compared to the By the results of the analysis of the amino acid composition in the experimental samples, it was found that the sum of amino acids in the model composition decreased by 7 % for the control and by 11 % for samples 1 and 2 compared to the sample before sterilization.
With that, a reduction in the content of aspartic acid participating in acrylamide formation compared to the control was found in the higher degree in the experimental samples, which were characterized by the increased duration and temperature of sterilization.
An effect of duration and temperature of the reaction on a level of acrylamide formation in the meat model system was studied. The obtained results are presented in Figure   3 . In the sample produced using the traditional regime of sterilization (control), the acrylamide content was 27.64 µg/ kg. It was established that at the same temperature, a level of acrylamide increased 1.6 times with an increase in the thermal treatment duration up to 50 min. When a temperature was increased up to 130 °С upon the same duration, an amount of acrylamide increased by 1.5 times. That is, duration of the thermal treatment had somewhat higher effect on the level of acrylamide in the model composition. The obtained data correspond to the results [15, 16, 17] , which indicate that a decrease in the temperature and duration of food thermal processing leads to a decrease in the level of acrylamide formation.
Conclusion
As a result of the study on the effect of the melanoidin formation reaction on the concentration of amino acids and reducing sugars at different thermal treatment regimes, it was established that the total content of amino acids decreased by 7 % at the standard regime of sterilization and by 11 % when the temperature or duration of thermal treatment were increased. It was established that at the same temperature, the acrylamide level increased 1.6 times with an increase in the duration of thermal treatment up to 50 min. Long-term exposure of the model samples to the temperature of 120 °С for 50 min. has the highest effect on the level of acrylamide accumulation compared to the traditional sterilization regime for canned foods for child nutrition and the regime with an increased temperature of up to 130 °С.
It is necessary to take into consideration the obtained data when developing new meat product technologies for nutrition in early childhood with the maximum preservation of their chemical composition, as well as nutritional and biological value.
